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INTRODUCTION 


Forecasting  wind  conditions  at  a  station  during  the 
passage  of  a  tropical  cyclone  is  a  critical  problem  for 
operational  environmentalists.  The  Air  Force  has  produced 
forecast  aids  for  predicting  mean  and  maximum  peak  gusts  for 
several  western  Pacific  Air  Force  Bases  (Pettett,  1980)  for 
periods  when  a  typhoon  was  within  360  n  mi  of  a  base.  The 
need  for  similar  forecast  aids  for  Navy  sites  was  recognized 
and  the  Naval  Environmental  Prediction  Research  Facility 
( NEPRF ) ,  Monterey,  California  was  requested  to  produce  the 
aids.  Science  Applications,  Inc.,  under  contract  to  NEPRF 
has  conducted  the  research  and  development  involved  in 
producing  forecast  aid  reports  for  Yokosuka,  Japan  and  Cubi 
Point,  Philippines. 

2.  PRODUCTION  OF  FORECAST  AIDS 

I  The  forecast  aids  are  based  on  a  data  period  extending 

■ 

from  the  establishment  of  a  U.  S.  Navy  weather  observation 
program  at  the  station  of  interest  through  1979.  This  is  a 
27  year  period  for  Yokosuka  (1953-1979)  and  25  years  for  Cubi 
Point  (1955-1979).  Best  track  data  for  the  tropical  cyclones 
were  extracted  from  Joint  Typhoon  Warning  Center  (JTWC) 
records  for  the  periods  when  a  tropical  cyclone  was  within 
360  n  mi  of  the  station  of  interest.  Aviation  hourly 
observations  at  three-hour  intervals,  obtained  from  the 
National  Climatic  Center  (NCC),  Asheville,  NC,  were  extracted 
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for  the  periods  identified  as  having  a  tropical  cyclone 
within  360  n  mi  of  the  station. ^  The  best  track  and 
weather  observations  were  then  merged  into  a  new  data  base. 
From  this  data,  ratios  of  storm  center  winds  to  station 
reported  sustained  winds  were  determined  and  assigned  to  the 
storm  center  position.  The  360  n  mi  radius  circle  was 
divided  into  71  equal  areas  (Fig.l). 

The  ratios  identified  with  each  area  were  summarized  and 
maximum  and  mean  gust  ratios  and  standard  deviations  were 
determined.  The  number  of  ratios  per  area  (sample  size)  and 
cumulative  frequency  distribution  of  the  ratios  were  also 
computed.  Computer  plots  of  the  gust  ratios,  sample  size  and 
area  number  values  were  generated.  The  gust  ratio  plots  were 
then  subjectively  analyzed  taking  into  consideration  such 
factors  as  sample  size  for  the  mean  gusts  and  cumulative 
distribution  frequency  for  the  maximum  gusts. 

The  analyses  of  the  data  are  presented  as  isolines  which 
represent  the  climatological  mean  or  maximum  gust  to  be 
expected  at  the  station  as  a  percentage  of  the  tropical 
cyclone  center  wind.  The  data  base  is  separated  into  two 
classifications  of  cyclones,  i.e.,  typhoons  and  lesser 
tropical  cyclones.  The  classification  is  based  on  the 

^■Aviation  hourly  observations  are  archived  at  NCC  for  the 
local  times  corresponding  to  00,03,06,09,12,15,18,21  GMT 
only. 


Figure  1.  A  360  n  mi  radius  circle  divided  into  71  equal 
area  (5734.5  n  mi 2)  segments  which  can  be  centered  on  the 
station  of  interest.  The  circle  is  comprised  of  an  inner 
circle  and  five  surrounding  rings.  The  radial  thickness  of 
each  ring  is  approximately  60  n  mi ,  but  is  not  a  constant. 
The  segments  are  numbered  from  the  inner  circle  and  spiral 
outward. 


cyclone  center  wind  speed  at  the  time  of  the  station  wind 
obervation.  A  set  of  analyses  is  provided  for  each  cyclone 
classification.  In  addition,  a  table  containing  all  the  data 
necessary  to  produce  figures  1  through  5  is  provided.  The 
data  in  the  table  will  assist  local  reanalysis  if  required. 

3.  USE  OF  THE  FORECAST  AIDS 

The  forecast  aids  can  be  utilized  as  follows: 

1)  Locate  the  actual  or  forecast  tropical  cyclone 
center  position  on  the  appropriate  forecast  aid  analysis;  2) 
determine  the  maximum  gust  ratio  value  by  interpolating 
between  the  contours;  and  3)  apply  this  ratio  (percentage) 
to  the  cyclone  center  wind  value  to  obtain  the  maximum  or 
mean  gust  values  to  be  used  as  a  forecast  aid  in  making  the 
wind  forecast.  For  example,  if  a  tropical  cyclone  has  center 
winds  of  100  kt  and  a  ratio  of  .65  was  determined  above,  then 
65%  of  the  center  wind  gives  forecast  gusts  to  65  kt  for  the 
station. 

Sustained  one-minute  maximum  and  average  wind  values  can 
be  found  by  applying  a  factor  of  2/3  to  the  gust  values. 

This  factor  is  the  inverse  of  the  1.5  to  1  ratio  of  gusts  to 
sustained  winds  that  was  used  in  the  Air  Force  reports 
and  verified  as  follows:  A  study  of  the  wind  observations 
recorded  at  Cubi  Point  (1953-1979)  and  Yokosuka  (1955-1979) 
was  made  as  part  of  the  development  of  the  methodology  used 
in  producing  these  forecast  aids.  That  data  set  included  the 
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NCC  tape  archived  data,  hand  augmented  with  gust  data.  A 
uniform  ratio  of  gust  to  sustained  wind  speed  of  1.5:1  was 
found  over  various  speed  ranges  and  at  both  stations.  The 
data  set  included  all  station  observations  (Cubi  Point  3449 
and  Yokosuka  2114)  with  sustained  winds  of  10  knots  or  more 
when  a  tropical  cyclone  was  within  360  n  mi  of  the  station. 
This  ratio  was  found  to  be  reasonable  for  all  tropical 
cyclone  intensity  classifications  and  station  wind 
conditions. 

Forecasters  should  recognize  that  all  of  the  gust 
information  is  based  on  the  archived  sustained  winds 
(aviation  observations  at  three  hour  intervals  from  NCC) 
multiplied  by  1.5.  In  determining  this  multiplier,  local 
effects  as  they  relate  to  various  wind  directions  were  only 
indirectly  taken  into  account.  That  is,  the  ratios  assigned 
to  each  area  relate  only  to  storms  centered  in  that  area. 

The  storm  center  location  relative  to  the  station  location 
strongly  influences  the  station  wind  velocity.  Therefore, 
some  degree  of  local  effects  are  inherent  in  the  analyzed 
ratio  patterns. 

Table  1  summarizes  the  data  used  in  producing  the 
forecast  aids  and  other  general  information.  The  data  in 
Table  1  is  sufficient  to  reproduce  figures  1  through  5  should 
local  reproduction  or  modifications  be  desired.  The  ratio 
values  in  Table  1  represent  the  relationship  of  station 
sustained  winds  to  tropical  cyclone  center  winds.  To  derive 
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the  forecast  aids  for  gust  values  the  1.5  multiplier  must  be 
applied. 

Figures  2  through  5  are  the  forecast  aid  analyses.  The 
contours  are  labelled  as  percentages  which  were  derived  from 
the  ratios  of  station  winds  to  tropical  cyclone  center  winds. 
Note  that  the  maximum  contour  values  on  figures  3  and  5  are 
less  than  100  percent.  For  example,  the  mean  gust  aid  for 
typhoon  strength  tropical  cyclones  (Fig. 5)  shows  only  a  70 
percent  contour  around  the  station.  Table  1,  segment  1  for 
tropical  cyclones  of  64  kt  or  greater  shows  3  cases  of 
typhoon  strength  centers  being  located  within  the  area  of 
segment  1.  The  mean  sustained  wind  to  typhoon  center  wind 
ratio  for  the  3  cases  is  .513  to  1.  None  of  the  immediate 
surrounding  areas,  segments  2  through  7  (total  of  34  cases), 
have  mean  ratios  as  high  as  area  1.  Applying  the  1.5 
multiplier  to  the  ratios  of  segments  1  through  7  results  in 
the  data  that  supports  the  70  percent  contour. 

The  interpretation  of  figure  5  is  that  Yokosuka  has  not 
on  the  average  experienced  winds  at  the  official  observation 
point  of  as  great  an  intensity  as  the  official  typhoon  center 
winds  during  typhoon  passages.  While  these  findings  are 
based  on  a  reasonable  sample  size,  caution  should  be  used  in 
applying  these  results  when  a  typhoon  center  is  expected  to 
pass  over  or  very  near  the  station. 

Inconsistent  gust  values  will  be  obtained  from  the  aids 
when  a  tropical  cyclone  center  wind  change  results  in  a 
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change  of  cyclone  classification  and  therefore  a  change  of 
forecast  aid.  For  example,  use  of  figure  3  for  a  tropical 
storm  forecast  to  pass  over  the  station  with  60  kt  center 
winds  would  indicate  mean  gusts  of  about  42  kt.  A  change  in 
center  wind  to  65  kt  and  the  use  of  figure  5  indicates  about 
49  kt  mean  gusts.  An  intermediate  value  is  the  likely  best 
guidances  in  such  cases. 


REFERENCE 


Pettett,  J.E.,  1980:  Prediction  of  Typhoon-Induced  Peak 
Kinds  at  Four  Pacific  Stations.  1WK/TN-80/001 . 


Figure  2.  Maximum  Gust  Ratios  (labelled  as  percentage)  for 
Yokosuka  when  a  tropical  cyclone  of  less  than  typhoon  strength 
( <64  kt)  is  centered  within  360  n  mi  of  the  station.  Locate 
the  typhoon  center  by  latitude  and  longitude  and  interpolate 
the  ratio  (percentage)  value.  Multiply  the  typhoon  center 
wind  speed  by  this  percentage  to  get  the  wind  speed  value 
of  the  maximum  gust  expected  with  the  given  center  position 
and  wind  speed.  Multiply  the  maximum  gust  speed  by  0.67 
to  find  the  maximum  one-minute  average  sustained  wind  speed. 
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Figure  3.  Mean  Gust  Ratios  (labelled  as 
Yokosuka  when  a  tropical  cyclone  of  less 
(<64  kt)  is  centered  within  360  n  mi  of 
the  typhoon  center  by  latitude  and  longi 
the  ratio  (percentage)  value.  Multiply 
wind  speed  by  this  percentage  to  get  the 
of  the  mean  gust  expected  with  the  given 
and  wind  speed.  Multiply  the  mean  gust 
find  the  mean  one-minute  average  sustain 
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Figure  4 
Yokosuka 
kt)  is  centered 


Maximum  Gust  Ratios  (labelled  as  percentage)  for 
when  a  tropical  cyclone  of  typhoon  strength  (>.64 

within  360  n  mi  of  the  station.  Locate  the 
typhoon  center  by  latitude  and  longitude  and  interpolate 
the  ratio  (percentage)  value .  Multiply  the  typhoon  center 
wind  speed  by  this  percentage  to  get  the  wind  speed  value 
of  the  maximum  gust  expected  with  the  given  center  position 
and  wind  speed.  Multiply  the  maximum  gust  speed  by  0.67 
to  find  the  maximum  one-minute  average  sustained  wind  speed, 
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Figure  5.  Mean  Gust  Ratios  (labelled  as  percentage)  for 
Yokosuka  when  a  tropical  cyclone  of  typhoon  strength  (>64 
kt)  is  centered  within  360  n  mi  of  the  station.  Locate  the 
typhoon  center  by  latitude  and  longitude  and  interpolate 
the  ratio  (percentage)  value.  Multiply  the  typhoon 
center  wind  speed  by  this  percentage  to  get  the  wind  speed 
value  of  the  mean  gust  expected  with  the  given  center 
position  and  wind  speed.  Multiply  the  mean  gust  speed  by 
0.67  to  find  the  mean  one-minute  average  sustained  wind 
speed. 
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Table  1.  A  listing  of  the  data  used  in  producing  figures  1 
through  5,  and  other  general  information.  Table  contents  by 
column  are:  segment  number,  latitude  and  longitude  of 
segment  center,  maximum  ratio,  mean  ratio,  standard  deviation 
of  ratios,  number  of  ratios  (sample  size),  and  cumulative 
frequency  distribution  expressed  as  the  percentage  of  ratios 
occurring  between  0.0  and  the  maximum  ratio  or  1.0  in  0.1 
increments. 
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